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28723 A s i m u l t a n e o u s  measurement of mid-lat i tude n igh t  

a i rglow and p a r t i c l e  f l u x e s  has been made with a Nike-Apache 

rocket f i red from Wallops I s l and ,  V i rg in i a  near midnight and 

new moon i n  J u l y  1964. The rocket  c a r r i e d  t w o  photometers, 

t h r e e  ge ige r  counters  and two s c i n t i l l a t o r s ,  and t w o  magneto- 

meters as aspec t  sensors .  The experiment conclus ive ly  demon- 

s t r a t e d  with t h r e e  independent techniques t h a t  mid-lat i tude 

5577 A night  a i rglow i s  not  e x c i t e d  by charged p a r t i c l e  bom- 

bardment as i s  t h e  case w i t h  auroras .  F i r s t ,  t h e  i n t e n s i t y  

of  3914 A above 85 k m  was measured t o  be 5 r ay le ighs  o r  less,  

whereas i f  e n e r g e t i c  particles had produced t h e  400 r ay le ighs  

of  5577 A observed they should hzve also prcduced about 2OO 

r ay le ighs  of 3914 A, or more than  f o r t y  t i m e s  what w a s  observed. 

Second, t h e  a l t i t u d e  p r o f i I e  was measured wi th  high p rec i s ion ,  

and with i t s  peak a t  (94.5 f 0.3) k m  and i t s  half-width of 

(5.8 f 0.3) km it w a s  shown t o  be much narrower than  would be 

produced by p a r t i c l e  f luxes  of var ious  energy s p e c t r a  and 

pi tch-angle  d i s t r i b u t i o n s .  Third,  t h e  a c t u a l  p a r t i c l e  f luxes  

w e r e  measured, and t h e y  could have produced much less t h a n  1 R 

of 5577 A around the  a l t i t u d e  w h e r e  it w a s  brightest .  

r e s u l t s ,  t he re fo re ,  prove t h a t  less than  approximately three 

per c e n t  of mid- la t i tude  5577 A n igh t  a i rglow can be termed a 

permanent aurora .  The 3914 photometer measured 5 R emi t ted  

above 85 km, bu t  a zenith-equivalent b r i g h t n e s s  of 1 0  R when 

it viewed the  emission edge-on. "he d i f f e r e n c e  of 5 R i s  shown 

t o  be j u s t  that- which would be caused by c o s m i c  r a d i a t i o n  a t  

a l t i t u d e s  b e l o w  30 k m .  T h e  p a r t i c l e  f luxes  a r e  shown t o  be 

somewhat less than t h e  p r e c i p i t a t e d  f luxes  measured s e v e r a l  

yea r s  prev ious ly  w i t h  satellites. A comment i s  m a d e  on the 

contamination of s o m e  measurements of galactic X-rays by such 

p r e c i p i t a t e d  e l e c t r o n s  and  v i c e  versa .  

The 
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INTRODUCTION 

Among t h e  mid-lat i tude ionospheric  phenomena a s  y e t  

imperfec t ly  understood a r e  t h e  cause of n igh t  a i rglow and t h e  

sustenance of t h e  night-time ionosphere. I n  t h e  auroral zone a 

major cause of  e x c i t a t i o n  of auroral  l i g h t  and h igh -a l t i t ude  

i o n i z a t i o n  i s  bombardment of t h e  atmosphere by e l e c t r o n s  with 

energy of  order  10  kev. By analogy, a s i m i l a r  cause is  some- 

t i m e s  invoked t o  expla in  the  mid-lat i tude phenomena mentioned 

above. A comprehensive summary of  t h e  state of understanding 

w a s  given r e c e n t l y  by Dalgarno (1964).  I t  i s  clear from t h a t  

summary t h a t  t h e r e  was a need f o r  measurements a t  mid- la t i tudes  

both or' t h e  p a r t i c i e  f lux  t h a t  bombards the atmosphere, and of 

the b r igh tness  of  t h e  ionized molecular n i t rogen  emission a t  

3914 A -  
measurement o f  both t h e s e  q u a n t i t i e s .  

I n  t h i s  note  we r epor t  a coordinated rocket-based 

The problem of d i s t ingu i sh ing  a u r o r a l  l i g h t  from 

airglow l i g h t  i s  i n  p a r t  sometimes a m a t t e r  of  m e r e  semant ics .  

A s  Chamberlain (1961) notes  'The most f r u s t r a t i n g  aspec t  o f  

de f in ing  t h e  airglow l ies  i n  d i s t i n g u i s h i n g  it from t h e  au ro ra . '  

Chamberlain (1961) g ives  an e x c e l l e n t  summary o f  t h e  problem, 

and says t h a t  'Any meaningful and v a l i d  d i s t i n c t i o n  between 

aurora  and airglow must eventua l ly  look t o  t h e  cause of  t h e  

e x c i t a t i o n . '  A p r i n c i p a l  cause of  aurora  i s  bombardment of  

t h e  atmosphere by e n e r g e t i c  p a r t i c l e s  and so t h e  ques t ion  

a r i s e s  whether a i rglow may have a s i m i l a r  cause. 

0 'Brien (1962) endeavoured t o  r e so lve  t h i s  problem 

by s a t e l l i t e  measurements a t  1000 km a l t i t u d e  o f  t h e  f l u x  of 

p r e c i p i t a t e d  p a r t i c l e s  i .e.  of those  p a r t i c l e s  whose trajec- 

t o r i e s  would t end  t o  c a r r y  them i n t o  t h e  apprec iab le  atmosphere 

t o  a l t i t u d e s  of 100 km or  l e s s ,  where b r i g h t  a i rglow emissions 



. a 

- 3 -  

occur.  O ' B r i e n  (1962) found t h a t  t h e  mid-lat i tude f lux  of 

p r e c i p i t a t e d  electrons with energy E e  2 40 kev w a s  of  order  

102 t o  lo3 p a r t i c l e s  cm'2 sec'l, corresponding t o  an energy 

f l u x  of order  t o  e r g s  cm-2 sec'l. The t y p i c a l  

a i rglow b r igh tness  of t h e  p r i n c i p a l  e m i s s i o n  a t  t h e s e  same 

mid- la t i tudes ,  v i z ,  t h a t  of atomic oxygen a t  5577 A ,  i s  about 

250 r ay le ighs  o r  250 x 106 photons cm'2 sec-1, 

19611, so t h i s  photon energy f l u x  i s  about 10-3 e r g s  cm'2 

sec-1 o r  a t  least  an order  of magnitude g r e a t e r  than  t h e  

energy brought i n  by e l e c t r o n s  with E e  2 40 kev. However, 

Mcllwain (1960) and o t h e r s  have shown t h a t  most of  t h e  a u r o r a l  

energy i s  brought i n  by e l e c t r o n s  with E, - 10 kev r a t h e r  than  

E e  2 40 kev. O'Brien (1962) found t h a t  t h e  f l u x  of p rec ip i -  

t a t e d  e l e c t r o n s  and protons with E e  2 1 kev w a s  below t h e  

th re sho ld  of d e t e c t a b i l i t y  of - 1 e r g  cm-2 sec-l. 

(1960) a u r o r a l  d a t a  showed t h a t  1 e r g  cm-2 sec-l would sus- 

t a i n  only - 50 r ay le ighs  of 5577 A so t h a t  O'Brien (1962) 

judged it u n l i k e l y  t h a t  such p a r t i c l e s  sus t a ined  mid-lat i tude 

5577 A airglow. 

(Chamberlain 

McIlwain's 

When O'Brien (1962) assumed t h a t  t h e  e l e c t r o n  spec- 

trum a t  1000 km a l t i t u d e  was independent of pi tch-angle ,  he 

w a s  able t o  deduce t h a t  t h e  f l u x  of p r e c i p i t a t e d  e l e c t r o n s  

wi th  E e  2 1 kev was of order 10'2 e r g s  cm'2 sec'l o r  less, so 

it w a s  even more un l ike ly  t h a t  such p a r t i c l e s  sus t a ined  t h i s  

airglow. But he w a s  unable t o  prove t h i s  assumption. Further- 

more, t h e  p o s s i b i l i t y  ex i s t ed  (although it appears t o  us  t o  be 

un l ike ly )  t h a t  an unknown mechanism accelerates e l e c t r o n s  t o  

k i l o v o l t  ene rg ie s  between the s a t e l l i t e  a l t i t u d e  of 1000 km and 

t h e  airglow a l t i t u d e  of 100 km. Clea r ly  what was necessary t o  

r e so lve  t h e  m a t t e r  w a s  an i n  s i t u  measurement of p a r t i c l e  f l u x  
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a t  mid- la t i tudes .  !*?e repor t  such a measurement h e r e  and s h ~ w  

t h a t  it confirms t h a t  mid-lat i tude 5577 A is  not e x c i t e d  by 

p a r t i c l e  bombardment. 

Another method of approaching t h i s  problem i s  t o  

make a s p e c t r a l  a n a l y s i s  of a i rglow and aurora.  The p r i n c i p a l  

comparison i s  be tween t h e  atomic oxygen l i n e  a t  5577 A and t h e  

molecular n i t rogen  band a t  3914 A.  
about 4 ev fo r  e x c i t a t i o n ,  but  t h e  N2' about 19 ev  (Chamberlain 

1961). The relevance of t h i s  comparison i s  t h a t  bombardment by 

e l e c t r o n s  with ene rg ie s  o f  k i l o v o l t s  can e a s i l y  e x c i t e  both 

emissions,  but  if airglow i s  of  chemical o r i g i n  (as  o f t e n  sug- 

cpstec?), it will. be ELI& easier to prcvide processes that g i v s  

4 ev r a t h e r  than  - 19 ev. The two emissions are of comparable 

b r igh tness  i n  aurora  (we have r e c e n t l y  measured t h e  r a t i o  with 

rocke t  f l i g h t s  i n t o  aurora)  bu t  t h e i r  r e l a t i v e  i n t e n s i t y  i n  

a i rglow is  unce r t a in  (see Chamberlain 1961). A s  r epor t ed  by 

Dalgarno (1964),  it is agreed t h a t  t h e  3914 A a i rglow i n t e n s i t y  

i s  b e l o w  60 R, b u t  he comments t h a t  it might be only  a few 

ray le ighs .  

t h e  ground because s t a r l i g h t  b r i g h t n e s s  c o n t r i b u t e s  - 1 R/A o r  

some t e n s  of  r ay le ighs  through most photometric f i l t e r  a r r ays ,  

and because with t h e  a l t e r n a t i v e  technique of  photographic 

emulsions t h e r e  i s  a r e c i p r o c i t y  f a i l u r e  a t  low l i g h t  l e v e l s  

t h a t  makes spec t roscopic  q u a n t i t a t i v e  comparisons unce r t a in  

(see Roach, McCaulley, Marovich, and Purdy 1960). W e  have the re -  

f o r e  flown two photometers, one s e n s i t i v e  t o  5577 A and t h e  o t h e r  

t o  3914 A,  t o  a l t i t u d e s  o f  over 160 km so t h a t  they  passed through 

t h e  airglow l a y e r  and s a w  only s t a r l i g h t  above. W e  r e p o r t  t h e  

r e s u l t s  i n  t h i s  no te  and set an upper l i m i t  t o  3914 airglow a t  

mid- la t i tudes  of  5 ray le ighs .  From t h i s  we conclude again t h a t  

The oxygen emission r e q u i r e s  

I t  i s  very d i f f i c u l t  t o  measure 3914 A airglow from 
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particle bombardment is a negligible source of airglow. This 

experiment therefore resolves Chamberlain's speculation 'It 

seems not impossible that h 3914 a may appear faint in the 
nightglow as a result of particle bombardment, perhaps consti- 

tuting a weak permanent aurora emanating primarily from the E 

region. ' 

In this airglow-aurora controversy which we endeavor 

to resolve in this note, it is of ironical interest to draw the 

reader's attention to Fig. 9.3 of Chamberlain (1961). This 

figure purports to show the 'nightglow spectrum, 3720-4100 A . '  
However it shows intense bands of N2 and N2+, including one at 

3914 i, and the caption includes the notation that these are 
'auroral contamination.' 

In this note then, we will show by a coordinated 

rocket-borne measurement of particle fluxes and of the airglow 

spectral features that aurora and mid-latitude 5577 A night 
airglow do not have a common cause, and that less than -three 

per cent of the latter can be regarded as a permanent aurora. 

We also derive values of particle ionization of the upper 

atmosphere of relevance to the problem of sustenance of the 

night-time ionosphere at mid-latitudes (see Dalgarno 1964). 
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EXPERIMXNTAL DETAILS 

A series of f i v e  Nike-Apache rocket  f l i g h t s  w a s  

c a r r i e d  out by t h e  newly-formed group i n  t h e  Department o f  

Space Science of R i c e  Universi ty  i n  t h e  f i r s t  h a l f  of  1964. 

The f i r s t  f l i g h t  of an 'a i rglow'  payload a t  Wallops I s l a n d  

i n  January 1964 w a s  abor t ive  due t o  rocke t  malfunction. The 

rocket  spun a t  only 1 r p s  r a t h e r  than  t h e  nominal 5-6 r p s ,  

and so it yawed very g r e a t l y  and achieved a peak a l t i t u d e  of 

on ly  90 k m  r a t h e r  than  t h e  nominal 130 t o  150 km. Three 

' a u r o r a l '  payloads then  c a r r i e d  5577 A and 3914 

ge ige r  counters ,  s c i n t i l l a t i o n  counters  and magnetometers 

success fu l ly  i n t o  t h r e e  au ro ra l  events  a t  For t  Churchi l l  i n  

March 1964. The r e s u l t s  of t h e s e  a u r o r a l  f l i g h t s  w i l l  be 

r epor t ed  i n  d e t a i l  elsewhere, b u t  t hey  w i l l  be used i n  t h i s  

no te  as a basic source of  information on a u r o r a l  charac te r -  

i s t ics  such as t h e  r a t i o  of i n t e n s i t i e s  of 5577 A and 3914 A. 
The f i f t h  payload w a s  instrumented f o r  a i rglow s t u d i e s ,  and 

success fu l ly  f i r e d  a t  Wallops I s l a n d ,  V i r g i n i a  [Geographic 

La t i tude  37' SO', Geographic Longitude 75' 29'W, L = 2.61. 

Resul t s  from t h i s  f i f t h  payload a r e  r epor t ed  here .  

photometers, 

The Nike-Apache payload [NASA 14.154 UE Code-name 

Sammy 21 i s  l i s t e d  i n  Table 1. I f  we t a k e  t h e  rocke t  a x i s  

po in ted  up a t  launch as def in ing  an angle  8 = 0 ° ,  t h e n  t h e r e  

w e r e  t w o  photometers pointed a t  8 = 0". These had narrow- 

band i n t e r f e r e n c e  f i l t e r s  with peak t ransmiss ions  near  5577 A 
and 3914 and t ransmissions of  16% and 27% a t  t h e s e  wave- 

l eng ths  r e spec t ive ly .  The equiva len t  bandwidths f o r  continuum 

transmission w e r e  9.7 A x lOoO/o  and 13 .7  A x 100% r e spec t ive ly .  

The photometers w e r e  of  s i m i l a r  design t o  those  used i n  satellite 

s t u d i e s  of auroras  ( O ' B r i e n  and Taylor 1964) ,  with Ascop 541 A 
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Fhotomult&pliers  eperate! a t  2500 v a l t s ,  anG w i t h  t h e  pkioto- 

m u l t i p l i e r  cu r ren t  converted by a ' t i c k l e d '  neon-flasher c i r c u i t  

t o  a d i g i t a l  output  which supplied a scaler with outputs  a t  2 l  

and 25 counts.  These outputs  modulated t h e  sub -ca r r i e r s  d i r e c t l y .  

Thus, t h e  photometer outputs  cons i s t ed  of  changes of  s ta te  of  a 

b i n a r y  system, and t h e  t i m e  between changes of state w a s  i n v e r s e l y  

p ropor t iona l  t o  t h e  l i g h t  i n t e n s i t y .  This provides  a l i n e a r  

system with very  high r e so lu t ion ,  and so permits  a measure of the 

a l t i t u d e  p r o f i l e  of t h e  airglow w i t h  h igh p rec i s ion .  T h e  f i e l d  

of v i e w  of  each photometer was f 4.5'. 

A l s o  po in ted  a t  0 = O", bu t  with an opening angle  of 

h33"  was an Eo= type 8001 pr?cake ge ige r  tube.  Tk;e l a r g e  area 

t h i n  mica window requi red  a g r i d  of s t a i n l e s s  steel  for support ,  

and t h e  area over which the e f f e c t i v e  window th i ckness  w a s  

4.0 mg cm-2 w a s  6.7 cm2, while another  9.8 cm2 of  t h e  f r o n t  w a s  

covered with s t a i n l e s s  steel about 1 g cm-2 t h i c k .  

large ge ige r  tube  was provided so as t o  detect the a n t i c i p a t e d  

s m a l l  f l u x  of e l e c t r o n s  w i t h  ene rg ie s  above - 100 kev and protons 

w i t h  ene rg ie s  above - 1 Mev w i t h  a geometric factor of 6.7 cm2 

sterad. I ts  e f f i c i e n c y  t o  X-rays of energy - 1 t o  10 kev of  

possible g a l a c t i c  o r i g i n  (Giacconi e t  a l .  1962) w a s  measured 

p r i o r  t o  launch t o  be - 1 t o  10% [L.  Westerlund, p r i v a t e  communi- 

ca t ion] .  

This very 

Two thin-windowed (1 .2  mg cm-2 of m i c a )  Eon type  6213 

ge ige r  tubes  poin ted  p a r a l l e l  t o  one another  a t  8 = 70". These 

had opening angles  of  f 9.5' and f 8.5" and w e r e  otherwise 

i d e n t i c a l  except t h a t  t h e  second had a broom magnet t o  exclude 

e l e c t r o n s  w i t h  ene rg ie s  below - 1.5 MeV.  The open 6213 geiger 

w a s  s e n s i t i v e  t o  electrons w i t h  ene rg ie s  E e  above 40 kev and 

pro tons  w i t h  Ep > 500 kev. 

s i v e  sa te l l i t e  s t u d i e s  of e l ec t ron  p r e c i p i t a t i o n  (0 'Brien 1962, 

1964) and i n  t h e  a u r o r a l  series mentioned above. 

S i m i l a r  t ubes  have been used i n  exten- 
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Pointed p a r a l l e l  t o  t h e  two ge ige r  t u b e s  w e r e  two 

d-c s c i n t i l l a t o r s  wi th  opening angles  of f 17'. These used 

Ascop 541 A photomul t ip l ie rs ,  and t h e  s c i n t i l l a t o r  i n  each case 

w a s  a t h i n  (13 m g  sheet of  P i l o t  B p l a s t i c ,  on t h e  f r o n t  

of which w a s  evaporated -3O~gcm-2 of  aluminum t o  a t t e n u a t e  

s t a r l i g h t  and airglow l i g h t .  One s c i n t i l l a t o r  used an analogue- 

t o - d i g i t a l  conver te r  as i n  the  photometers. The o t h e r  used an 

electrometer so a s  t o  achieve sp in  r e so lu t ion .  Once every s ix-  

t e e n  seconds a d i s c  of l u c i t e  - 0.5 g cm-2 t h i c k  was swung by 

a r o t a r y  so lenoid  i n  f r o n t  of t h e  analogue s c i n t i l l a t o r ,  thereby 

excluding e l e c t r o n s  and protons with ene rg ie s  below - 1 MeV and 

- 20 &lev respectively, %ut; permit t ing t h e  passage of i i g h t  From 

t h e  stars and airglow. 

Two Schonstedt flux-gate magnetometers w e r e  o r i e n t e d  

so as t o  be p a r a l l e l  t o  the payload axis  and t h e  s c i n t i l l a t o r s  

r e spec t ive ly .  These w e r e  used t o  g ive  a spec t  information. 

Thermistors w e r e  mounted i n  t h e  s c i n t i l l a t o r s  and t h e  5577 A 
photometer t o  monitor the temperature during f l i g h t .  The e f f ec -  

t i v e  temperature change w a s  less than  3 Co during p o r t i o n s  of  

u s e f u l  d a t a  and so it w a s  neg l ig ib l e .  

The instrumentat ion w a s  exposed 53 seconds a f t e r  P i f t -  

o f f  a t  an a l t i t u d e  of  56 km when a shaped-charge c u t  through t h e  

cy l inde r  of  t h e  s t r u c t u r e  and t h e  spring-loaded nose-cone and 

s h e l l  w e r e  removed as  one piece.  Radar t r a c k i n g  of  t h e  removed 

s e c t i o n  showed t h a t  it then  f e l l  about 1 k m  behind and below 

t h e  rocke t  by peak a l t i t u d e  and it could not  have apprec iab ly  

i n t e r f e r e d  with t h e  view o f  any d e t e c t o r  t h e r e a f t e r .  

The rocke t  w a s  f i r e d  a t  0413 Z J u l y  9 ,  1964 wi th in  a 

f e w  hours  of t h e  new moon and about fo r ty - f ive  minutes be fo re  

local midnight. Solar  and lunar l i g h t  w e r e  thereby  minimized 
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and e f f e c t i v e l y  neg l ig ib l e .  The sky w a s  free o f  c louds,  and 

ground-based photometers w i t h  i n t e r f e r e n c e  f i l t e rs  w i t h  peak 

t ransmiss ion  a t  6300 A, 5577 8 ,  5300 A ,  and 3914 A monitored 

airglow and s t e l l a r  br ightness  from the  region viewed by rocket- 

borne photometers. The rocket reached a peak a l t i t u d e  of 167 k m  

and t h e  a l t i t u d e  a t  a given t i m e  was measured by r ada r  t o  an 

es t imated  accuracy of better than  0.1 km. The rocket  spun a t  

- 5 r p s  and maintained s t a b i l i t y  w i t h  a yaw pe r iod  of - 40 seconds 

and an amplitude of  - f 5' u n t i l  it re tu rned  t o  an a l t i t u d e  of 

- 80 km af ter  - 340 seconds. It then  slowly turned  over and spun 

down i n t o  t h e  atmosphere. As we w i l l  see b e l o w ,  t h i s  a t t i t u d e  

behavior  w a s  e x c e l l e n t  i n  permit t ing good photometric observa t ions  

of a i rglow a t  near-normal and a l s o  edge-on incidence,  a s  w e l l  as 

observa t ions  of s t a r l i g h t  alone above t h e  airglow l aye r .  
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The counting r a t e s  of  t h e  two photometers are shown 

f o r  t h e  m o s t  i n t e r e s t i n g  por t ion  of t h e  f l i g h t  i n  Fig. 1. During 

t h e  ascent  phase t h e r e  w a s  s i g n i f i c a n t  corona contamination o f  

t h e  d a t a ,  bu t  around apogee and during t h e  descent down t o  - 70 k m  

t h e  records  are very clear. Fig. 1 shows four  s t a g e s  of response 

of t h e  5577 A photometer. I n  t h e  f i r s t  (A) a t  a l t i t u d e s  above 

105 km, it looked up and de tec ted  only s t a r l i g h t .  During t h e  

second (B) it looked up and f e l l  through t h e  5577 A airglow l a y e r  

between a l t i t u d e s  of 105 and 85 km, d e t e c t i n g  a s t ead i ly - inc reas ing  

b r i g h t n e s s  u n t i l  it reached an a l t i t u d e  o f  - 85 km when a l l  the 

a i rg low w a s  above it. I t  continued i n  t h i s  s t a g e  ( C ) ,  and then  

it turned  over (as  shown by t h e  ax ia l  magnetometer) and viewed 

t h e  a i r g l o w  edge-on, so t h a t  t h e  apparent b r i g h t n e s s  was g r e a t l y  

enhanced ( s t a g e  D ) .  

s h o r t l y  t h e r e a f t e r  hea ted  and te lemet ry  w a s  l o s t .  

of phase A a r e  shown i n  Fig. 2 a s  t h e  two photometers scanned over 

t h e  stars with a yaw rate of 40 secs. Approximately t h r e e  pe r  

cent  of  t h e  p o i n t s  p l o t t e d  i n  t h e s e  f i g u r e s  d e v i a t e  s i g n i f i c a n t l y  

f r o m  t h e  remainder. These a r e  due t o  non-uniform t r i g g e r i n g  of  

t h e  high-impedance f l a s h e r  c i r c u i t  and t h e y  are negligible because 

of  t h e  very s m a l l  s c a t t e r  of t h e  g r e a t  ma jo r i ty  of t h e  po in t s .  

Then it viewed down towards t h e  ground and 

The d e t a i l s  

The 5577 A photometer records  i n  phase B can be ana- 

l y sed  i n  t h e  usua l  way, and t h e  d i f f e r e n t i a l  of t h e  curve taken 

t o  y i e l d  t h e  a l t i t u d e  p r o f i l e  of emission of  5577 A ai rglow as 

shown i n  Fig. 3 .  The peak emission was a t  94.5 km a l t i t u d e ,  and 

t h e  width a t  half-maximum was only  5.8 km. It i s  d i f f i c u l t  t o  

estimate t h e  accuracy of the  p r o f i l e ,  b u t  by comparison of  curves  
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f i t t e d  by f i v e  independent observers we der ived  a mean value of 

(94.5 f 0.3)km for t h e  peak of t h e  emission, and (5.8 f 0.3)km 

f o r  t h e  width a t  half-peak, where t h e  e r r o r  ranges include a l l  

f i v e  estimates. 

The i n t e g r a t e d  5577 A emission w a s  es t imated  from 

c a l i b r a t i o n  i n  f l i g h t  using s t a r l i g h t  (Roach 1956) and from t h e  

ground-based photometer t o  be (400 f 100) r ay le ighs .  

A s  shown i n  Fig. 1, t h e  3914 A photometer d i d  not  see 

a c lear ly-def ined  airglow layer  a s  it dropped down through phase 

B and C ,  bu t  it d i d  see a s i g n i f i c a n t  enhancement over s t a r l i g h t  

when it viewed t h e  emission edge-on i n  phase D. 

B ,  and C an upper l i m i t  can be set t o  t h e  3914 A br iqh tness  above 

85 k m  as equiva len t  t o  0.15 counts pe r  second. When t h e  dark 

c u r r e n t  con t r ibu t ion  (0.16 f 0.01 counts  pe r  second) i s  sub- 

t r a c t e d  from a i r g l o w  p l u s  s t a r l i g h t  de t ec t ed  by t h e  3914 A photo- 

m e t e r ,  t h i s  impl ies  t h a t  t h e  3914 A s i g n a l  through t h e  f i l t e r  i s  

less than  (0.15/1.19) x l O P / o  or less than  13% of  t h e  s t a r l i g h t  

(see Fig. 2 )  passed by t h e  f i l ter .  The mean s t a r l i g h t  s i g n a l  

deduced f r o m  d a t a  of  Roach (1956) i s  (7.6 x lo5) photons cm-2 

sec-1 The 3914 f i l t e r  had an equiva len t  width of 13.7 

x 10077, so t h a t  t h e  s t a r l i g h t  s i g n a l  w a s  equiva len t  t o  10.4 ray- 

l e i g h s  inc iden t  on t h e  f r o n t  of t h e  f i l t e r .  The mean t ransmiss ion  

of 3914 i w a s  27%. 

of 3914 above 85 km as derived from phases A,  B, and C i s  

From phases A, 

Hence t h e  upper l i m i t  t o  t h e  t o t a l  b r i g h t n e s s  
i 

(39 x -13) = 5 R. 

An e s t ima te  of  3914 A i n t e n s i t y  can be der ived  a l s o  

from phase D, when both photometers viewed t h e  a i rg low l a y e r  edge- 

on. The consequent enhanced b r i g h t n e s s  i s  best es t imated  from t h e  

5577 A photometer whose a x i s  w a s  p a r a l l e l  t o  t h a t  of  t h e  3914 

photometer and whose f i e l d  of view was i d e n t i c a l .  Af t e r  subtrac-  

t i o n  of  s t a r l i g h t  and dark cur ren t  from t h e  5577 A photometer, t h e  
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edge-on enhancement w a s  ca l cu la t ed  t o  be (44/3.8) = 1 2  t o  1. 

The 3914 peak rate minus t h e  s t a r l i g h t  and dark cu r ren t  was 

about 3.4 counts pe r  second so we  would deduce t h a t  t h e  rate a t  

normal incidence t o  t h e  l aye r  should be about 0.28 counts pe r  

second. 

t o  viewing of t h e  zeni th .  

This i s  equiva len t  t o  10  r ay le ighs  of  3914 A cor rec t ed  

Thus t h e  3914 A zeni th-equivalent  b r i g h t n e s s  estimated 

f r o m  t h e  edge-on viewing i s  10 R, or about t w i c e  t h a t  deduced 

f r o m  normal-incidence viewing of  t h e  reg ion  above - 85 km. One 

obvious explana t ion  is  t h a t  t h e  remaining 5 R i s  emi t ted  a t  

a l t i t u d e s  b e l o w  85 km. I f  one cons iders  t h e  e x c i t a t i o n  of 3914 A 
by cosmic r ays  with a f l u x  of N 2 p a r t i c l e s  

average energy of 5 Bev, then t h e s e  should produce about 5 R o f  

3914 A. 
b e l o w  - 30 km, d.e. far below 85 km. Due t o  atmospheric ex t inc -  

t i o n  and s c a t t e r i n g ,  and perhaps absorp t ion  by clouds a t  very  low 

a l t i t u d e s ,  and t o  t h e  d i f f e r e n t  geometry of t h e  edge-on enhance- 

ment, t h e  exact agreement between t h e  observed i n t e n s i t y  o f  5 R 

from b e l o w  85 k m  and t h e  p red ic t ed  cosmic r a y  c o n t r i b u t i o n  of 

5 R i s  q u i t e  remarkable. 

sec'l wi th  an 

M o s t  of t h i s  w i l l  be emitted i n  t h e  dense atmosphere 

W e  conclude, t h e r e f o r e ,  t h a t  about 5 R of  a i rglow was  

de t ec t ed  by the 3914 A photometer above - 85 km, and about t h e  

s a m e  amount b e l o w  t h a t  a l t i t u d e .  Whether t h e  h i g h - a l t i t u d e  

p o r t i o n  w a s  a c t u a l l y  N2+ a t  3914 i or a continuum emission i s  

d iscussed  b e l o w .  
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P a r t i c l e  Detect o r  S 

The large-area geiger tube type 8001 gave t h e  most 

p r e c i s e  information on t h e  p a r t i c l e  fluxes. As expected from 

e a r l i e r  s a t e l l i t e  observations (O'Brien 1 9 6 2 ) ,  t h e  p a r t i c l e  

f luxes  were very s m a l l .  Accordingly, cosmic rays s e t  t h e  lower 

l i m i t  t o  t h e  de t ec t ab le  p a r t i c l e  f luxes  fo r  t h e  t h r e e  ge iger  

t u b e s ,  and s t a r l i g h t  plus airglow s e t  t h e  lower l i m i t  f o r  t h e  

two s c i n t i l l a t o r s .  

The average counting rate of t h e  l a r g e  a rea  ge iger  

a t  a l t i t u d e s  above 100 k m  was  (38.3 f 0.5) counts per  second. 

The r a t e  below - 80 k m  due t o  cosmic rays  was (19 f 1) counts 

per second. On t h e  f irst  V a i l o p s  Island f i i g h t  i n  Zanuary i964 

a s i m i l a r  ge iger  gave (18.4 f 0.4) counts per second above t h e  

P fo tze r  m a x i m u m  but  below 80 km. For cosmic rays  t h e  omni- 

d i r e c t i o n a l  geometric f ac to r  of  t h e  de t ec to r  was - 1 2  cm2, so 

t h i s  implies  t h a t  t h e  cosmic r a y  and albedo f l u x  above Wallops 

I s l a n d  was 1.6 p a r t i c l e s  cme2 sec- l .  

There was thus  a r e s i d u a l  f l u x  t h a t  gave ( 2 0  f 1) 

counts per  second but  was absorbed a t  a l t i t u d e s  between - 80 km 

and 100 km (Fig .  4 ) .  I f  these  were pene t r a t ing  p a r t i c l e s  

de t ec t ed  with e s s e n t i a l l y  uni ty  e f f i c i e n c y ,  t h e  corresponding 

f l u x  w a s  (2 .8  f 0 .2 )  p a r t i c l e s  cm-2 sec'l s te rad-1 ,  o r  e f f e c -  

t i v e l y  (18 f 1) p a r t i c l e s  cmm2 sec-1 i f  t h e  f lux  w a s  i s o t r o p i c  

over t h e  upper hemisphere. I f  t h e  f l u x  cons i s t ed  of g a l a c t i c  

X-rays over t h e  e n t i r e  f i e l d  of view with energy - 1 t o  10 kev 

(Giacconi e t  a l .  1962, Gursky e t  a l .  1963) then t h e  f l u x  deduced 

from p r e f l i g h t  X-ray c a l i b r a t i o n s  was - l o 2  photons cm-2 sec - l  

s te rad-1  (Courtesy L. Westerlund) . 
To d i s t i n g u i s h  between X-rays and e n e r g e t i c  e l e c t r o n s  

we s tud ied  t h e  a l t i t u d e  p r o f i l e  of t h e  8001 ge iger  tube (F ig .  4 )  

and a l s o  t h e  r e l a t i v e  counting r a t e s  of t h e  two thin-windowed 

type  6213 ge ige r s .  Both of t h e  6213 ge ige r s  would d e t e c t  X-rays 
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e q y a l l y  well, b u t  t h e  one with t h e  brzm magr,et would not  d e t e c t  

e l e c t r o n s  i f  t h e i r  energy was less than - 1.5 M e V  (D.  C r i s w e l l ,  

p r i v a t e  communication). The r e s u l t s  are summarised i n  TabJe 2. 

The two type 6213 tubes  a t  a l t i t u d e s  above 100 k m  

gave counting rates of (0.61 f 0.05) counts per second and 

(0.23 f 0.03) counts pe r  second for t h e  open and t h e  broom i n s t r u -  

ment r e spec t ive ly .  The r a t e s  t o  be expected f r o m  cosmic r ays  alone 

w e r e  p red ic t ed  by t ak ing  t h e  i n - f l i g h t  rate Qf t h e  8001 ge ige r  

tube  and normalising f o r  t h e  r e l a t i v e  omnidirect ional  geometric 

f a c t o r s  as der ived  from sea- leve l  cosmic r a y  c a l i b r a t i o n s .  The 

cosmic r a y  rates are p red ic t ed  t o  be (0.47 f .02) and (0.22 f 0.01) 

cc-cnts per  second for  t h e  open and t h e  brszrz. 5213 ge ige r  tubes 

r e spec t ive ly .  Thus t h e  r e s i d u a l  rates not  due t o  cosmic r ays  are 

about (0.14 f 0.05) and ( 0 . 0 1  f 0.03) counts pe r  second respec- 

t i v e l y .  

From these da t a ,  admit tedly of  l o w  s t a t i s t i c a l  accuracy, 

we draw t h e  following conclusions: 

(1) t h e  6213 broom ge ige r  tube  response w a s  c o n s i s t e n t  

wi th  i t s  de tec t ion  of cosmic r ays  alone.  

t h e  open 6213 ge iger  tube  de tec t ed  p a r t i c l e s  o t h e r  

t h a n  cosmic rays i n  a f l u x  of ( 7  f 2 )  p a r t i c l e s  

cm-2 sec-1 sterad-1. Since t h e s e  w e r e  not  de t ec t ed  

by t h e  ge ige r  t u b e  with t h e  broom magnet, t h e s e  

p a r t i c l e s  could not  have been X-rays, or protons,  

or e l e c t r o n s  with energy E, 2 1 MeV. 

t h e r e f o r e  have been e l e c t r o n s  with energy E e  2 40 kev. 

On t h e  assumption of  i so t ropy  over t h e  upper hemis- 

phere,  t h e  corresponding f lux w a s  - 40 cm-2 sec-1. 

They must 
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With t h i s  measured f lux  of electrons with E, 2 40 kev 

o f  - 7 p a r t i c l e s  

f l u x  o f  - 3 and 0.1 p a r t i c l e s  cm-2 sec-l s t e rad - I  f o r  e l e c t r o n s  

wi th  E e  2 100 kev and E, 2 1 Mev i f  t h e  spectrum w a s  l i k e  t h a t  

of  Van Allen e l e c t r o n s  t rapped  a t  L - 2.6 (see C l a d i s  e t  a l .  1961).  

Such higher-energy e l e c t r o n s  would produce - 20 counts  per  second 

i n  t h e  8001 ge ige r  and - (0.001) counts per  second i n  t h e  6213 

wi th  broom. These rates a re  t o  be compared with those  observed 

(over  and above cosmic r a y  r a t e s )  t o  be - (19 f 1) and (0 .01  f 0.03) 

counts  per second r e spec t ive ly .  Considering t h e  extreme v a r i a b i l i t y  

of t h e  outer-zone e l e c t r o n  spectrum (eg. see Frank e t  a l .  1964) 

and t h e  r e l a t i v e l y  poor statistics these results are i n  remarkzbly 

close agreement. 

sec'l sterad'l, we  would expect t o  see a 

W e  t h e r e f o r e  conclude from a n a l y s i s  o f  t h e  t h r e e  ge ige r  

tube  rates t h a t  t h e r e  w a s  a p r e c i p i t a t e d  f l u x  o f  e l e c t r o n s  wi th  

E, 2 40 kev of  order  (40 f 10)  p a r t i c l e s  cm-2 sec-l whose energy 

spectrum is  c o n s i s t e n t  with t h e i r  o r i g i n  i n  t h e  Van Al len  rad ia-  

t i o n  zone. The s p e c t r a l  a n a l y s i s  i s  not  accu ra t e  enough t o  prove 

t h a t  t h e s e  e l e c t r o n s  w e r e  formerly V a n  Allen e l e c t r o n s ,  and s i n c e  

it i s  not  known what mechanisms cause such p r e c i p i t a t i o n  it i s  

not  clear t h a t  one should even expect t h e  spectrum of p r e c i p i -  

t a t e d  e l e c t r o n s  a t  L -  2 .6  t o  be l i k e  t h a t  o f  V a n  Al len  e l e c t r o n s  

t h e r e  (see O'Brien 1964). 
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TABLE 2 

Geiger Counter R a t e s  above 100 km 

a t  Wallops I s l a n d  

and background d a t a  

Measured Predic ted  
R a t e  above Cosmic r a y  Cosmic r a y  Difference 

100 km Rate i n - f l i g h t  R a t e  [X-rays or electrons] 
~ -~ ~~~~ ~ - ~~ 

8001 38.3 f 0.5 19.0 f 1 20.6 f 1 (19 f 1) 

6213 0.61 f 0.05 - -  0.47 f 0.02 (6.14 f 0.65) 

6213 B 0.23 f 0.03 - -  0.22 f 0.01 (0.01 f 0.03) 

Errors are Poissonian s tandard dev ia t ions  and a l l  r a t e s  

are c o u n t s  pe r  second. 
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S c i n t i l l a t i o n  Detectors  

The s c i n t i l l a t o r  c r y s t a l s  were coated w i t h  aluminum 

so t h a t  s t a r l i g h t  was a t tenuated  by f a c t o r s  of - 3 x l o 4  f o r  

t h e  analogue and d i g i t a l  s c i n t i l l a t o r s .  Even so, t h e  major 

con t r ibu t ion  t o  t h e i r  s igna l s  i n  f l i g h t  came from airglow and 

s t a r l i g h t  r a t h e r  than from p a r t i c l e  f luxes .  T h i s  was proved 

by comparison of t h e  analogue output w i t h  and without t h e  t r a n s -  

parent  l u c i t e  s h i e l d  over t h e  de t ec to r .  This s h i e l d  t r a n s m i t s  

v i s i b l e  l i g h t ,  b u t  absorbs p a r t i c l e s  of energy E e  s 1 Mev and 

EP < 20 MeV such a s  a r e  of importance here .  

i n  t h e  presence of such contamination, merely s e t  an upper l i m i t  

of - i e r g  cm-2 sec-1 s t e rad - l  t o  t h e  t o t a l  energy f l u x  of 

e l e c t r o n s  w i t h  E e  2 5 kev and protons w i t h  Ep 2 15  kev. 

with o the r  instrumentat ion,  p a r t i c u l a r l y  t h e  3914 photometer, 

we can set an upper l i m i t  t ha t  i s  more than one hundred t i m e s  

l e s s  than t h e  above, t h e  s c i n t i l l a t o r s  a r e  not used fur ther  i n  

t h i s  ana lys i s .  

The s c i n t i l l a t o r s ,  

Since 
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COMPARISON WITH OTHER EXPERIMENTS 

5577 A A l t i t u d e  P r o f i l e  

Severa l  measurements have been made of  t h e  a l t i t u d e  

prof i le  of airglow 5577 i. The r e s u l t s  of  four  f l i g h t s  a t  

White Sands as summarized by Packer (1961) showed t h e  peak 

emission occurred a t  a l t i t u d e s  between 97 and 99 km, with t h e  

average a t  97 k m .  By con t r a s t  t h i s  experiment found an a l t i t u d e  

of (94.5 f 0.3) km. The White Sands p r o f i l e s  refer t o  a geogra- 

p h i c  l a t i t u d e  32O24'N, longitude 106'25 'W and t h e  four  publ ished 

p r o f i l e s  (Packer 1961) w e r e  obtained wi th in  about  t h r e e  hours of  

l o c a l  midnight, over t h e  years  between 1955 and 1959. O u r  p r w  

f i l e  w a s  ob ta ined  a t  Wallops I s l a n d ,  geographic l a t i t u d e  37O51'N, 

longi tude  75 '29 'W, wi th in  for ty- f ive  minutes of local  midnight 

i n  J u l y  1964. There are t h e r e f o r e  a s u f f i c i e n t  number o f  para- 

m e t e r s  a l t e r e d  between t h e  N.R.L. White Sands experiments and 

ou r s  a t  Wallops I s l a n d  t h a t ,  while  a t t e n t i o n  i s  drawn t o  t h e  

s i g n i f i c a n t  d i f f e r e n c e  between t h e  a l t i t u d e s  of peak emission of  

5577 A ,  we do n o t  specu la t e  on t h e  cause o f  t h i s  d i f f e rence .  

The b r igh tness  of t h e  5577 A e m i s s i o n  determined i n  

phase C of  Fig. 1 w a s  - (400 i 100) ray le ighs .  This  i s  w e l l  

w i th in  t h e  range of i n t e n s i t i e s  observed a t  mid- la t i tudes  (Roach 

e t  a l .  1959).  

3914 A I n t e n s i t y  

No previous rocket-borne measurements of  3914 or 

o t h e r  N 2 +  bands i n  t h e  n ight  a i rg low are known t o  us.  

f o r e  must make comparison here  with ground-based measurements. 

As mentioned i n  t h e  In t roduct ion ,  t h e s e  are very  d i f f i c u l t  t o  

make accu ra t e ly  because s t a r l i g h t  provides  a s u b s t a n t i a l  

W e  t he re -  
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contamination. The r e s u l t s  have been reviewed r e c e n t l y  by 

Dalgarno (1964).  Roach placed an upper l i m i t  o f  60 R on t h e  

mid- la t i tude  i n t e n s i t y  of  3914 A airglow. 

ment of 4278 A when appl ied  t o  3914 

less than  5 R of 3914 a t  a magnetic l a t i t u d e  of  5loN, essen- 

t i a l l y  t h e  same l a t i t u d e  as Wallops I s l and .  Ly t l e  and Hunten 

(1962) found a t  a magnetic l a t i t u d e  of  60.5ON t h a t  t h e  3914 A 
i n t e n s i t y  w a s  - 30 R i n  1960 and probably less than  - 20 R i n  

1961. Maartense and Hunten (1963) r epor t ed  t h a t  a t  t h e  s a m e  

l o c a t i o n  i n  1962 they  found about 60 R of which perhaps 20 R 

w a s  due t o  background f r o m  mercury l i g h t s .  Moore (1963) found 

above China Lake, Ca l i fo rn ia  an upper l i m i t  o f  2 8  R ,  uncorrected 

f o r  s t a r l i g h t  or e x t i n c t i o n  e f f e c t s .  

Ga lpe rk ' s  measure- 

y i e l d s  an i n t e n s i t y  of 

As discussed  by Roach e t  a l .  (1960) estimates of 

3914 A a i rg low from spectroscopic  exposures are unce r t a in  be- 

cause of  r e c i p r o c i t y  f a i l u r e  of  t h e  photographic emulsions a t  

low l i g h t  i n t e n s i t i e s .  The Canadian spectrophotometer does not 

s u f f e r  from t h i s  disadvantage,  and so h e r e  t h e  measurements of  

Hunten and h i s  co-workers a re  adopted as g iv ing  t h e  m o s t  

accura te  estimate from ground-based measurements. On t h e  

average they  found, a t  a magnetic l a t i t u d e  of  60.5"N, a per- 

manent a i rglow i n t e n s i t y  o f -  30 t o  60 R ,  or on t h e  average, 

a 3914 A i n t e n s i t y  of  about one f i f t h  t h e  5577 A airglow. 

By c o n t r a s t ,  a t  t h e  Wallops I s l a n d  magnetic l a t i t u d e  

of  51°N, we  f i n d  a 3914 A i n t e n s i t y  above 85 k m  of 5 R or less. 

Even i f  a l l  t h e  a i r g l o w  de tec ted  by t h i s  photometer above 85 km 

was N2+ 3914 A ,  i .e. if the  a i r g l o w  continuum i n  t h i s  spectral 

reg ion  w a s  n e g l i g i b l e ,  we  would then  p l ace  t h e  r a t i o  of  in ten-  

s i t i es  Q (5577 A) 
Q (3914 A) 

a s  g r e a t e r  t han  e i g h t y  t o  one, almost twenty 

t i m e s  more than  t h a t  found by Hunten and co-workers. 
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It i s  of i n t e r e s t  t o  compare t h i s  ratio of 5577 A and 

3914 i n t e n s i t i e s  with t h a t  found i n  auroras .  The r a t i o  i n  

auroras i s  gene ra l ly  s t a t e d  t o  be between t w o  and u n i t y  (Chamber- 

l a i n  1961, Dalgarno 1964) . Estimation from ground-based measure- 

ments i s  sub jec t  t o  s o m e  unce r t a in ty  because of the very d i f f e ren t  

e x t i n c t i o n  c o e f f i c i e n t s  of  t h e  t w o  wavelengths. I n  our t h r e e  

Nike-Apache a u r o r a l  f l i g h t s  i n  March 1964 t h e  r a t i o  w a s  about 2 

t o  1 ( t o  be publ ished)  . Thus we conclude from comparison of our 

Wallops I s l a n d  and For t  Churchi l l  d a t a  t h a t  i n  t h e  permanent mid- 

l a t i t u d e  a i r g l o w  above 85 km t h e  r e l a t i v e  i n t e n s i t y  of  3914 i t o  

5577 A i s  only one- for t ie th  ( o r  less) o f  what it would be i n  an 

aurora .  One might conclude t h a t  less than  t h r e e  per cent  of t h e  

mid- la t i tude  5577 n ight  airglow can be considered as a permanent 

aurora .  

A s  d i scussed  above, t h e  es t imated  zeni th-equivalent  

i n t e n s i t y  of 3914 A derived from t h e  edge-on view (phase D of  

Fig. 1) w a s  10  R, whereas t h a t  from phases A, B, and C w a s  5 R 

from above 85 km. W e  concluded t h a t  t h e  remaining 5 R w a s  gener- 

a t e d  a t  a l t i t u d e s  b e l o w  85 km, and we showed above t h a t  t h i s  i s  

t h e  i n t e n s i t y  t h a t  would be expected from cosmic r a y  bombardment, 

wi th  m o s t  of  t h e  emission coming from b e l o w -  30 km. This cosmic 

r a y  c o n t r i b u t i o n  t o  3914 A has not  been g e n e r a l l y  recognized, 

b u t  it does c o n s t i t u t e  a minimum i n t e n s i t y  for  ground-based ob- 

s e r v a t i o n s  (Meinel 1953). Moore (1963) found enhanced 3914 i 
emissions f r o m  l i g h t n i n g  f l a shes ,  with some t e n s  of  r a y l e i g h s  

p e r s i s t i n g  for an appreciable  f r a c t i o n  of  a second. It i s  possi-  

ble t h a t  some of  t h e  low-al t i tude 5 R zeni th-equivalent  3914 i 
de tec t ed  i n  phase D of Fig. 1 w a s  caused by l i g h t n i n g  on t h e  

horizon,  although as shown above it can be adequately explained 

as being caused by cosmic r ad ia t ion .  
P 
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The only previous h igh -a l t i t ude  measurements of 

3914 known t o  us  w e r e  made by O ' B r i e n  and Taylor (1964) w i t h  

t h e  sa te l l i t e  In jun  3. 

had a dark cu r ren t  noise  equivalent  t o  about 30 R of  3914 A 
because of  i t s  exposure t o  S t a r f i s h  a r t i f i c i a l  r a d i a t i o n .  Some 

n i n e t y  per cent  of the  i n t e n s i t i e s  measured a t  an i n v a r i a n t  

l a t i t u d e  o f  - 60° were below t h i s  value,  and t h i s  i s  i n  agree- 

ment w i t h  Hunten's d a t a  discussed above. Our measurements 

w i t h  rocke t s  a t  For t  C h u r c h i l l  a l s o  se rve  t o  v e r i f y  t h a t  the 

c a l i b r a t i o n s  of the  3914 A photometer used by O'Brien and Taylor 

(1964) i n  the i r  a u r o r a l  s t u d i e s  of 3914 

t o  a f a c t o r  of  about two. 

The 3914 A photometer on t h a t  s a t e l l i t e  

and 5577 A w e r e  v a l i d  

Par t ic le  Fluxes 

There are no previous r e l evan t  night-t ime measurements 

of par t ic le  f luxes  a t  t h e s e  a l t i t u d e s  and near t h i s  l a t i t u d e  

known t o  us .  The m o s t  r e levant  comparable measurements w e r e  

t hose  made by O ' B r i e n  (1962) and O'Brien (1964) wi th  Anton type 

2 1 3  ge ige r  tubes  i n  satell i tes In jun  1 and In jun  3 r e spec t ive ly .  

The f l u x  found e a r l y  i n  1963 (O'Brien 1963) gave some i n d i c a t i o n  

of be ing  less than  t h a t  found l a t e  i n  1961 (O'Brien 19621, so 

the  more r ecen t  va lues  are used for t h i s  comparison here. These 

found a p r e c i p i t a t e d  f l u x  of E e  2 40 kev e l e c t r o n s  a t  L - 2.5 

( t he  l o c a t i o n  of Wallops I s l a n d )  o f  between l o 2  and l o 3  p a r t i c l e s  

cm-2 sec-1 of e l e c t r o n s  w i t h  E e  2 40 kev. 

By comparison, i n  t h i s  rocket  experiment the  f l u x  of 

e l e c t r o n s  w i t h  E, 2 40 kev impinging on t h e  atmosphere over 

Wallops I s l a n d  w a s  found t o  be about  (40 f 10)  p a r t i c l e s  cm'2 

sec'l. 

average of t h e  satellite-based measurements, and somewhat ou t s ide  

This i s  one t o  t w o  orders of magnitude less than  the 
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t h e  wide range of va lues  encountered by t h e  satel l i tes  a t  

d i f f e r e n t  t i m e s  (see Fig. 1 6  of  O'Brien 1964). Whether t h i s  

l o w e r  f l u x  i s  r e l a t e d  t o  the  l o w e r  s o l a r  a c t i v i t y  (which w a s  

near  minimum i n  J u l y  1964) o r  whether it is  j u s t  an unusual ly  

s m a l l  f l u x  cannot be determined here .  I f  it w a s  an unusual ly  

s m a l l  f l ux ,  then  t h e  3914 A br igh tness  of less than  5 R may 

a l so  be unusual ly  s m a l l .  B u t  even so t h e  need f o r  a non- 

a u r o r a l  source o f  a i rglow 5577 A h a s  been conclus ive ly  

demonstrated. 

A s  mentioned above, t h e  electron-energy spectrum 

der ived  from t h e  t h r e e  d i f f e r e n t  geiger- tubes on t h e  rocket  i s  

reasonably c o n s i s t a n t  with what might be expected if the  par- 

t i c les  w e r e  formerly Van Allen o r  t rapped  e l e c t r o n s .  There are 

such s i g n i f i c a n t  temporal changes i n  t h e  t rapped  spectrum t h a t  

t h i s  comparison cannot be made very r igorous ly .  Nevertheless  

it i s  of i n t e r e s t  he re  because of  t h e  p o s s i b l e  information it 

may provide about t h e  charged-part ic le  contamination of  galac-  

t i c  X-ray s t u d i e s  made with rocket-borne ge ige r  tubes  by 

Giacconi and o t h e r s  (1962).  This f e a t u r e  i s  d iscussed  i n  a 

s e p a r a t e  s e c t i o n  b e l o w .  

Even such weak p r e c i p i t a t i o n  a s  observed on t h i s  

occasion rep resen t s  a s i g n i f i c a n t  drainage on t h e  V a n  Allen 

r a d i a t i o n .  I f  it continued a t  t h i s  ra te  even when t h e  un- 

known source of  Van A l l e n  r a d i a t i o n  w a s  stopped, then  t h e  

zone would t a k e  only several weeks t o  empty. 
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DISCUSSION OF THE ALTITUDE PROFILE OF ,5577 A 

It can be demonstrated t h a t  i nc iden t  e l e c t r o n s  do 

n o t  excite t h e  5577 A airglow by making a comparison of  t h e  

a l t i t u d e  p r o f i l e  of  t h e  airglow and t h e  a l t i t u d e  p r o f i l e  t h a t  

might be produced from bombardment by conceivable particle 

f luxes .  Over t h e  a l t i t u d e  range above - 80 km c o l l i s i o n a l  

d e a c t i v a t i o n  of  t h e  long-lived 0 (IS) parent  state of 5577 A 
i s  apparent ly  n e g l i g i b l e  (Chamberlain 1961). Accordingly on 

t h e  assumption of  a constant  r e l a t i v e  composition of t h e  a t -  

mosphere over t h e  a l t i t u d e  range of in te res t  of  - 85 k m  t o  - 120 km, we can t ake  t h e  r e l a t i v e  product ion o f  5577 a t  a 

given a l t i t u d e  as be ing  propor t iona l  t o  t h e  i o n i z a t i o n  a t  

t h a t  a l t i t u d e  (The e f f e c t  of t h e  a c t u a l  changes i n  r e l a t i v e  

composition with a l t i t u d e  is examined b e l o w . )  

R e e s  (1963) h a s  c a l c u l a t e d  t h e  a l t i t u d e  p r o f i l e s  

o f  i o n i z a t i o n  produced by e l e c t r o n  f luxes  of  var ious  ene rg ie s  

and angular  d i s t r i b u t i o n s .  One of  t h e  m o s t  pronounced fea- 

t u r e s  of  t h e  5577 p r o f i l e  i s  i t s  th inness ,  as summarized i n  

Table 3 and shown i n  Fig,  3. It i s  apparent t h a t  t h e  t h i n n e s t  

i o n i z a t i o n  p r o f i l e  w i l l  be produced by a monoenergetic f l u x  

of e l e c t r o n s  inc iden t  on the  t o p  of t h e  atmosphere. From t h e  

graphs presented  by R e e s  (1963), it can be seen t h a t  i n  order  

t o  produce m a x i m u m  ion iza t ion  a t  t h e  airglow peak o f  94 t o  

95 km one r e q u i r e s  e l e c t r o n  ene rg ie s  of  about 40 kev. (Such 

e l e c t r o n s  are e f f i c i e n t l y  de tec ted  by our type  6213 ge ige r  

t u b e ,  which found fewer than - 100 p a r t i c l e s  cm-2 sec'l above 

t h e  airglow. 

r ay le ighs  of  3914 6 o r  5577 A ) .  
w a s  so s m a l l  t h a t  no information w a s  gained about i t s  angular  

d i s t r i b u t i o n  during t h i s  f l i g h t .  0 'Brien (1964) has  found t h a t  

These would have produced less than  - 10-2 

The e l e c t r o n  f l u x  de tec t ed  
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above auroras  t h e  e l e c t r o n  f luxes with Ee > 40 kev tend t o  

approach i so t ropy  over t h e  upper hemisphere. So i so t ropy  is  

assumed fo r  t h i s  rocket f l i g h t ,  although c l e a r l y  such an 

assumption cannot be j u s t i f i e d .  

a l t i t u d e  p r o f i l e  of i on iza t ion  then a u n i d i r e c t i o n a l  f l ux  

d i r e c t e d  p a r a l l e l  t o  t h e  magnetic f i e l d  vec tor  B might be 

chosen. Since any p r e c i p i t a t e d  e l e c t r o n s  over Wallops I s l a n d  

a r e  l i k e l y  t o  be former Van Allen e l e c t r o n s  s c a t t e r e d  i n  some 

way from t h e i r  trapped t r a j e c t o r i e s ,  it seems l i k e l y  t h a t  t h e i r  

p i t c h  angle d i s t r i b u t i o n  w i l l  be more l i k e l y  t o  have a m a x i m u m  

I f  we wish f o r  a very t h i n  

2 

-> -> 
perpendicular  t o  B ( i .e.  a t  u = 90") than p a r a l l e l  t o  B ( i - e .  

a t  U = 0"). So an i s o t r o p i c  d i s t r i b u t i o n  over 0' S a 90' 

appears a reasonable compromise. 

From f i g u r e s  presented by Rees (1963) we ,  t h e r e f o r e ,  

der ived t h e  a l t i t u d e  p r o f i l e  of energy loss of a monoenergetic 

beam of 40 kev e l e c t r o n s  inc ident  i s o t r o p i c a l l y  on t h e  upper 

atmosphere. The th ickness  of t h i s  p r o f i l e  i s  compared i n  Table 

3 with t h e  th ickness  of t h e  5577 A a l t i t u d e  p r o f i l e  shown i n  

Fig. 3. It is  apparent t h a t  t h e  energy-loss p r o f i l e  i s  much 

broader than t h e  5577 A p r o f i l e .  For example, t h e  th ickness  

a t  half-maximum i s  about 11.6 k m  for  t h e  energy loss and only 

5.8 km fo r  t h e  5577 A.  
Furthermore, by the  assumption t h a t  t h e  5577 

i n t e n s i t y  i s  propor t iona l  t o  t h e  t o t a l  i o n i z a t i o n  t h e  th ickness  

of t h e  particle-produced a l t i t u d e  p r o f i l e  has  a c t u a l l y  been 

underestimated a t  high a l t i t u d e s  above - 90 km. The r e l a t i v e  

proport ion of atomic oxygen i n  t h e  atmosphere inc reases  very 

r a p i d l y  above - 70 km [eg.  see Chamberlain (1961) model atmos- 

phere] so t h a t  propor t iona l ly  more and more of t h e  t o t a l  energy 

loss of t h e  p a r t i c l e s  goes t o  t h e  atamic oxygen and hence t o  



-26- 

any 5577 A. Whereas, for example, a t  90 km the r a t i o  of 

oxygen atoms t o  nitrogen molecules (the most abundant con- 

s t i t u e n t )  i s  about 1 t o  70, a t  100 km it is  about 1 t o  2.5, 

a t  110 km about 1 t o  2, and so on. 

It is  therefore clear that  the accurate a l t i tude  

prof i le  of 5577 A shown i n  Fig. 3 i s  of i tself  sufficient 

t o  show that  it i s  not excited by par t ic le  bombardment. 

When combined with the  3914 A and par t ic le  measurements the 

matter i s  resolved beyond question. 



-27- 

TABLE 3 

Comparison of A l t i t u d e  P r o f i l e s  of 5577 A 
and 

Energy Loss of 40 kev I s o t r o p i c  E lec t rons  

Thickness a t  a given 
p a r t  of t h e  p r o f i l e  

I n t e n s i t y  
Re la t ive  t o  Peak 5577 A Light Energy Loss 

0.5 Maximum 5.8 km 11.6 km 

0.25 Maximum 10.1 k m  14.5 k m  

0.1 Maximum 15.0 km 24.0 km 
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SUMMARY O F  AURORAL CONTRIBUTIONS TO 5577 w NIGHT AIRGLOW 

One of t h e  purposes o f  t h i s  experiment was t o  determine 

whether bombardment by ene rge t i c  p a r t i c l e s  might be a s i g n i f i c a n t  

source of  n ight  airglow. Loosely speaking, t h i s  experiment de- 

termined what f r a c t i o n  of t h e  5577 A night  a i rglow a t  mid-latitudes 

can be regarded as a permanent aurora .  

Three independent methods have been used i n  t h i s  de t e r -  

mination. These are:  

Method 1: comparison of t h e  r e l a t i v e  i n t e n s i t i e s  of ( N 2 + )  

3914 and (01) 5577 i n  a i rglow and aurora.  

Method 2: accura te  de l inea t ion  of  t h e  a l t i t u d e  p r o f i l e  of  

5577 & and comparison with t h a t  l i k e l y  t o  r e s u l t  

from conceivable p a r t i c l e  f luxes ,  and 

Method 3: d i r e c t  measurement o f  p a r t i c l e s  of  such ene rg ie s  

t h a t  t hey  can p e n e t r a t e  t o  a l t i t u d e s  der ived  from 

t h e  above p r o f i l e .  

w a s  Q (5577 A )  
Q (3914 A )  

From Method 1, t h e  observed r a t io  of  

more than  80:l i n  t h e  n igh t  airglow, whereas i n  auroras we  have 

measured t h e  r a t i o  as about 2 : l .  Therefore less than  t h r e e  pe r  

cent  of t h e  airglow 5577 A can be regarded as a permanent aurora. 

From Method 2 no such q u a n t i t a t i v e  comparisons can be 

deduced, s i n c e  they  involve many a l t e r n a t i v e  pi tch-angle  d i s t r i -  

bu t ions  and energy spectra of p r e c i p i t a t e d  e l e c t r o n s .  B r i e f l y ,  

however, t h e  a l t i t u d e  p r o f i l e  of  5577 A i s  only  about h a l f  a s  

t h i c k  as t h a t  expected from such an e l e c t r o n  f l u x  a s  would give 

t h e  t h i n n e s t  p r o f i l e  and s t i l l  r e t a i n  f e a s i b l e  c h a r a c t e r i s t i c s .  

Method 3 i n d i c a t e s  t h a t  t h e  measured e l e c t r o n s  with 

E e  2 40 kev could g ive  less than 10'2 R of  5577 A o r  less than  

1 part i n  l o 5  of  t h e  observed b r igh tness .  Only e l e c t r o n s  wi th  

t h i s  energy o r  m o r e  could pene t r a t e  t o  t h e  depths  observed i n  
Method 2. 
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COMMENTS ON GALACTIC X-RAYS 

I n  s e v e r a l  rocket  f l i g h t s  from White Sands, large-area 

ge ige r  tubes  have de tec t ed  'anomalous' r a d i a t i o n  t h a t  has  been 

a sc r ibed  t o  g a l a c t i c  X-rays (Giacconi e t  a l .  1962, Gursky e t  a l .  

1963, Friedman 1964).  Since t h e  ge ige r  tube  type 8001 used h e r e  

i s  not  very d i s s i m i l a r  t o  those used i n  t h e s e  g a l a c t i c  X-ray 

s t u d i e s ,  it must be demonstrated t h a t  t h e  f luxes  repor ted  he re  

w e r e  r e a l l y  p r e c i p i t a t e d  e l e c t r o n s  uncontaminated by g a l a c t i c  

X-rays. Conversely, of  course,  t h e r e  i s  a need i n  such X-ray 

s t u d i e s  f o r  adequate d iscr imina t ion  aga ins t  p r e c i p i t a t e d  elec- 

t r o n s ,  a s  has  been recognised (see Gursky e t  a l .  1963).  

me need for such discr imina t ion  w a s  knmm t o  u s  duriE9 

t h e  design o f  t h i s  payload. It  cont r ibu ted ,  i n  p a r t ,  t o  t h e  

choice of non-overlapping f i e l d s  of  view of t h e  l a r g e  a r e a  

8001 ge ige r  and t h e  t w o  s m a l l e r  g e i g e r s  and t o  t h e i r  o r i e n t a t i o n  

i n  t h e  payload. 

6213 ge ige r  with a broom magnet, s i n c e  t h i s  would respond only 

t o  p r e c i p i t a t e d  protons (which we  d i d  not  expect t o  f i n d  i n  

s i g n i f i c a n t  f l uxes  -- see O'Brien 1 9 6 2 ) , t o  e l e c t r o n s  with 
E, 2 1 Mev (which we  a l s o  expected t o  be n e g l i g i b l e  -- see 

O'Brien 1962), and t o  g a l a c t i c  X-rays. The type  6213 ge ige r ,  

without such a magnet, d e t e c t s  a l l  t h i s  r a d i a t i o n  and a lso elec- 

t r o n s  with 1 Mev 2 E e  2 40 kev. 

t h e i r  e f f e c t i v e  response, after s u b t r a c t i o n  of  cosmic-ray back- 

ground, must be due t o  p r e c i p i t a t e d  e l e c t r o n s .  

I n  p a r t i c u l a r  it also l e d  t o  our use of  t h e  

Therefore any d i f f e r e n c e  i n  

As discussed above, t h e  r e s u l t i n g  counting rates of t h e  

t w o  d e t e c t o r s  w e r e  (0.14 f 0-05) c/sec f o r  t h e  open 6213 ge ige r  

and (0.01 f 0.03) c/sec f o r  t h e  6213 ge iger  with a magnetD There 

is  a p r o b a b i l i t y  only of  t h e  o rde r  of one percent  t h a t  bo th  t h e s e  

rates could have been due t o  t h e  same r a d i a t i o n  f lux .  Therefore 
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we conclude with some 99% confidence l i m i t s  t h a t  t h e  r a d i a t i o n  

measured by t h e  open 6213 geiger  was a f l u x  of p r e c i p i t a t e d  

e l e c t r o n s  with energy 1 M e V  - E, 2 40 kev. 

w a s  - ( 7  f 2 )  p a r t i c l e s  cm-2 sec-l sterad’l, or - (40 f 10)  

p a r t i c l e s  

assumed. 

> The equiva len t  f l u x  

sec-l i f  i so t ropy  over t h e  upper hemisphere i s  

W e  have no means of  proving t h a t  t h e  type  8001 de tec t ed  

mainly p r e c i p i t a t e d  e l ec t rons  of s l i g h t l y  h igher  energy. How- 

eve r ,  a s  discussed above, t he  equiva len t  e l e c t r o n  f l u x  i s  about 

what would be expected f o r  e l e c t r o n s  with an energy spectrum 

l i k e  t h a t  of  electrons trapped on the magnetic f i e l d  l i n e  above 

Wallops I s l and .  The a l t i t u d e  dependence (Fig.  4 )  i s  a l s o  con- 

s i s t e n t  with a f l u x  of such e l e c t r o n s .  The count ing rate should 

not  i nc rease  f u r t h e r  with a l t i t u d e  between - 100 k m  and - 167 km 

(as  Gursky e t  a l .  1963 suggested would be requ i r ed  of  such par- 

t i c les )  because t h e  type 8001 f i e l d  of  view i n  t h i s  experiment 

remains wi th in  t h e  l o s s  cone, and it never views t h e  p i t c h  angles  

normal t o  B where par t ic les  can be t rapped  whose f l u x  might w e l l  

be expected t o  inc rease  w i t h  a l t i t u d e .  

2 

Several  o t h e r  arguments can be used t o  add p l a u s i b i l i t y  

t o  t h e  above conclusion t h a t  t h e  p r i n c i p a l  c o n t r i b u t i o n  i n  t h i s  

experiment c a m e  f r o m  p r e c i p i t a t e d  e l e c t r o n s  r a t h e r  than  from 

g a l a c t i c  X-rays. For example, it might be assumed t h a t  t h e  

open type 6213 ge ige r  w a s  indeed responding t o  a localised source 

of  X-rays. Then one can p r e d i c t  t h e  counting ra te  of t h e  much 

l a r g e r  ge ige r  tube  flown a t  White Sands with a similar window 

th i ckness  i f  it saw t h e  same X-ray source.  The type  6213 rates 

a r e  sp in  averaged, whereas Giacconi  e t  a l .  (1962) g ive  t h e i r  peak 

counting rate of - 13/sec a t  a given azimuth. From t h e  open 6213 

ra te  one would p r e d i c t  t h a t  the ge ige r  of  Giacconi et  al .  (1962) 

would have had a peak r a t e  of - 100/sec or about e i g h t  t i m e s  

l a r g e r  than w a s  observed. 
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On t h e  o the r  hand, i f  we make a s i m i l a r  p r e d i c t i o n  from 

our type 8001 ge ige r  tube we would estimate t h a t  t h e  ge ige r  of  

Giacconi e t  a l .  (1962) would have (see Fig. 5 )  a peak count rate 

of -lOO/sec a t  a l t i t u d e s  above - 100 km, i e  again e i g h t  t i m e s  i t s  

a c t u a l  rate. Thus it i s  apparent from both p r e d i c t i o n s  t h a t  t h e  

f l u x  of  t h e  'anomalous' r a d i a t i o n  w a s  e i g h t  t i m e s  l a r g e r  over 

Wallops I s l a n d  than  over White Sands. 

v a r i a t i o n  one might expect fo r  p r e c i p i t a t e d  e l e c t r o n s  because of  

t h e  d i f f e r e n t  magnetic l a t i t u d e s  of  t h e  two observa t ions  (eg see 

O'Brien 1962) b u t  it can be explained by g a l a c t i c  X-rays only i f  

bo th  our ge ige r s  viewed s t ronger  sources  than  d i d  Giacconi e t  a l .  

(1962) and Gursky e t  a l .  (1963) ., The region of t h e  celestial  

sphere viewed by our 8001 i s  shown i n  Fig. 6, and it i s  seen t h a t  

the edge of i t s  f i e l d  of  view included Scorpius,  which has  been 

r epor t ed  as a very s t rong  X-ray source (Friedman 1964) also 

viewed i n  t h e  experiments of Gursky e t  a l .  (1963). An important 

po in t  t o  note  i s  t h a t  t h e  f i e l d s  of view of our 8001 and our 6213 

ge ige r s  f a i l e d  t o  over lap  by - 30°, so they  could not have a l l  

seen t h e  s a m e  X-ray source.  Y e t  t h e i r  r a t e s  are c o n s i s t e n t  w i t h  

them viewing e s s e n t i a l l y  the  same r a d i a t i o n ,  and it t h e r e f o r e  

s e e m s  m o s t  reasonable  t o  a sc r ibe  it t o  p r e c i p i t a t e d  e l e c t r o n s  

with an energy spectrum similar t o  t h a t  of Van A l l e n  e l e c t r o n s .  

This i s  t h e  type of 

To summarise, comparison o f  t h e  two type  6213 g e i g e r s  

r e v e a l s  about a 99% p r o b a b i l i t y  t h a t  t h e  dominant r a d i a t i o n  w a s  

a p r e c i p i t a t e d  e l e c t r o n  f l u x .  The assumption of i s o t r o p y  over 

t h e  upper hemisphere g ives  r e s u l t s  c o n s i s t e n t  with t h e  type  8001 

ge ige r  a lso d e t e c t i n g  such e l ec t rons .  

A p l a u s i b l e  case can t h e r e f o r e  be presented  i n  favor of 

t h e  hypothesis  t h a t  our de t ec to r s  a t  Wallops I s l a n d  measured 

predominantly p r e c i p i t a t e d  e l ec t rons .  The f l u x  of  such e l e c t r o n s  
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t o  be expected a t  White Sands i s  s e v e r a l  t i m e s  s m a l l e r  and y e t  

s u f f i c i e n t  t o  s t i l l  provide the ge iger  r a t e s  observed a t  White 

Sands i n  t h e  X-ray s tud ie s .  However, s e v e r a l  arguments aga ins t  

e l e c t r o n  contamination of  t he  X-ray data have been presented  

by Giacconi e t  a l .  (1962) and Gursky e t  a l .  (1963) t o  which the 

reader is  r e f e r r e d .  Clear ly  t h e  l o w  s t a t i s t i c a l  p r e c i s i o n  and 

t h e  d i f f e r e n t  X-ray e f f i c i e n c i e s  of t h e  many ge ige r  t ubes  em- 

ployed make an accura te  comparison of our data impract icable .  

It  is  worthy of  comment here tha t ,  conversely,  s t u d i e s  

of p r e c i p i t a t e d  e l e c t r o n s ,  p a r t i c u l a r l y  i n  such small  f l uxes  

as found here ,  must be able t o  d i sc r imina te  aga ins t  g a l a c t i c  

X-rays. Thz need t o  d iscr imina te  aga ins t  so lar  and g a l a c t i c  

X-rays i s  w e l l  known ( c f  O'Brien 1964, Van Allen and Frank 1962) 

Since t h e  X-ray f l u x  from the  s t r o n g e s t  source Scorpius i s  

comparable with t h a t  f r o m  t he  q u i e t  sun (Friedman 1964) it i s  

p o s s i b l e  t h a t  i s o l a t e d  cases of weak  ' p r e c i p i t a t i o n  ' observed 

f r o m  satell i tes i n  the past may have been contaminated by such 

X-rays. 

argue aga ins t  such galactic X-rays being a s e r i o u s  contaminant 

i n  the  p a s t  observat ions.  W i t h  m o s t  very thin-windowed ge ige r  

t ubes  such as used on satell i te s t u d i e s  of  p a r t i c l e  f luxes  

(eg O'Brien 1964, Frank e t  a l .  1964) and on space probes such 

as Mariner (Van Al len  and Frank 1962) the e f f i c i e n c y  of detec- 

t i o n  of pene t r a t ing  charged p a r t i c l e s  i s  one t o  t w o  orders of 

magnitude larger than  t h a t  fo r  d e t e c t i o n  of such X-rays. 

G e o m e t r i c  and solid-angle cons ide ra t ions  would s e e m  t o  

It i s  also r e l evan t  t o  note  that  the i n t e n s i t y  of 

3914 measured i n  t h i s  experiment sets an upper l i m i t  of - 
e r g s  cm-2 sec'l t o  t he  t o t a l  f l u x  of  g a l a c t i c  X-rays from sources  

above the horizon (see Fig. 6 ) .  Ga lac t i c  X-ray sources  of  the  

i n t e n s i t y  of Scorpius (see Friedman 1964) must be included i n  

comprehensive d i scuss ions  of i o n i z a t i o n  and other processes  i n  

the te r res t r ia l  atmosphere a t  n ight .  
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DISCUSSION 

A number of arguments have been developed over t h e  

y e a r s  t h a t  would imply t h a t  a i rglow and aurora  have d i f f e r e n t  

o r i g i n s .  For example, it i s  sometimes s a i d  t h a t  because a i r -  

glow occurs a t  t h e  equator  p a r t i c l e  p r e c i p i t a t i o n  could not  be 

t h e  cause. But s i n c e  t h e  causes of  p a r t i c l e  p r e c i p i t a t i o n  

i t s e l f  a r e  not  known (O'Brien 1964) and s i n c e  erratic ' a i rg low'  

behaviour occurs even a t  very low l a t i t u d e s  t h i s  i s  not  a con- 

c l u s i v e  argument. Again, it i s  sometimes argued t h a t  t h e  weak 

or n e g l i g i b l e  r e l a t i o n  between 5577 and magnetic a c t i v i t y  

i n d i c a t e s  t h a t  p a r t i c l e  p r e c i p i t a t i o n  i s  not  involved. But 

any r e l a t i o n s  between 5577 i n  auroras  and magnetic a c t i v i t y  

are simply empir ica l ,  wi th  no t h e o r e t i c a l  causal r e l a t i o n ,  so 

aga in  any g e n e r a l i z a t i o n  t o  l o w e r  l a t i t u d e s  would be dubious. 

The only conclusive way t o  reso lve  t h e  problem i s  by a coor- 

d ina ted  measurement such as r epor t ed  here .  The t h r e e  methods 

used i n  t h i s  expe r imen t  conclusively demonstrated t h a t  less 

t h a n  t h r e e  per  cent  of mid-lat i tude 5577 & i s  excited by par- 

t i c l e  bombardment of t h e  atmosphere. Other sources  pos tu l a t ed  

t o  exp la in  t h e  airglow a r e  discussed by Barth and Hildebrandt 

( 1961) and elsewhere. 

The upper l i m i t  t o  t h e  3914 & e m i t t e d  by N2+ from 

Since t h e  l i f e t i m e  of  N2+ above - 85 km a l t i t u d e  is  - 5 R. 

a g a i n s t  d i s s o c i a t i v e  recombination i s  so s h o r t  i n  t h e  night-  

t i m e  upper atmosphere t h i s  i m p l i e s  t h a t  an adequate source of  

i o n i z a t i o n  must be con t inua l ly  present .  From e f f i c i e n c y  

f i g u r e s  discussed i n  d e t a i l  by Dalgarno (1964) t h i s  impl ies  

t h a t  t h e  t o t a l  i on iz ing  r a d i a t i o n  absorbed above - 85 km must 

be less than  - 2 x 10-2 e r g  cm-2 sec-1. It i s  of  i n t e r e s t  t o  

note  t h a t  t h i s  i s  very much t h e  s a m e  as t h e  energy f l u x  d i s s i -  

pa t ed  i n  t h e  l o w e r  atmosphere below - 30 km by cosmic rays .  
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Continuum nightglow in this portion of the spectrum 

is uncertain because it is so difficult to measure from the 

ground. This experiment would imply that such a continuum has 

a brightness less than 0.1 R/L. 

surement is discussed by Chamberlain (1961). 

The relevance of such a mea- 

As treated by Dalgarno (1964), measurement of the 

brightness of 3914 A and thereby estimation of the flux of 
ionizing radiation is important to the subject of maintenance 

of the night-time ionosphere. Whereas the theory of Ivanov- 

Kholodny (1961 and elsewhere) required an ionizing flux of 

- 1 erg cm-2 sec-l, we find a flux more than two orders of 
magnitude smaller. As discussed by Dalgarno (1964), either 

the nocturnal-ionization hypothesis or the theoretical treat- 

ment must therefore be rejected. 



CONCLUSION 

The experiment has conclusively demonstrated that 

less than three per cent of the mid-latitude 5577 A night 
airglow can possibly be due to particle bombardment such as 

excites the same emission in auroras. The experiment places 

an upper limit of 5 R on the brightness of N2+ 

thereby implies that the total mid-latitude night-time 

ionizing radiation deposits less than (2 x ergs cm'2 

sec-1 at altitudes above 85 km. 

3914 b,  and 
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FIGURE CAPTIONS 

Figure 1: Counting r a t e s  of t h e  5577 f f  and 3914 

a s  t h e  rocket  descended. I n i t i a l l y  (phase A)  t hey  

s a w  s t a r l i g h t ,  then i n  phase B t hey  f e l l  through t h e  

5577 l a y e r  u n t i l  ( i n  phase C )  t hey  w e r e  underneath 

looking back up  a t  t h e  l aye r .  The rocket  tu rned  

over and they  then (phase D) s a w  t h e  airglow edge-on 

and much b r i g h t e r  as t hey  viewed t h e  horizon. For 

t h e  range of s t a r l i g h t  response see Fig. 2 .  

photometers 

Figure 2: I l l u s t r a t i o n  of  t he  in-phase v a r i a t i o n s  of counting 

rate of t h e  t w o  photometers when t h e  rocket  yawed 

and they  viewed only s t a r l i g h t .  Such d a t a  provide 

i n - f l i g h t  c a l i b r a t i o n s .  N o t e  t h e  enhancement of 

5577 bu t  not  3914 as t h e  rocke t  descended b e l o w  - 100 km a l t i t u d e  and t h e  photometers continued t o  

look up. 

Figure 3: A l t i t u d e  p r o f i l e  of emission of  5577 A night  airglow. 

This i s  e s s e n t i a l l y  t h e  d i f f e r e n t i a t i o n  of  phase B 

of  Fig. 1. 

Figure 4: Var ia t ion  o f  counting r a a  of t h e  8001 ge ige r  tube  

with a l t i t u d e  during ascent  and descent .  Note t h a t  

e s s e n t i a l l y  only cosmic r a y s  w e r e  de t ec t ed  b e l o w  

- 80 km, and t h a t  t h e  a d d i t i o n a l  f l u x  w a s  absorbed 

between - 80 k m  and - 100 km. 



-41- 

Figure 5: Comparison of t h e  atmospheric a t t e n u a t i o n  of counting 

ra te  i n  t h e  g a l a c t i c  X-ray experiment (Giacconi e t  a l .  

1962) and i n  t h i s  experiment a f t e r  t h e  cosmic r a y  con- 

t r i b u t i o n  w a s  subtracted.  The s t r a i g h t  l i n e  A i s  a 

crude f i t  t o  the raw Wallops d a t a  (see t h e  l i n e  i n  

Fig. 4 ) .  Line B r ep resen t s  an adjustment t o  A t o  t ake  

account of  t h e  f a c t  t h a t  t h e  8001 ge ige r  tube he re  had 

an a r e a  of 6.7 cm2, whereas t h a t  of  Giacconi et  a l .  

had an e f f e c t i v e  a rea  of  10  cm2 (Gursky e t  a l .  1963). 

Line C i s  a f u r t h e r  adjustment because t h e  8001 had 

a window thickness  of  4.0 m g  cm-2 versus  Giacconi ' s  

1.4 iiig cm-2. 

f o r e  imply a f lux  e i g h t  t i m e s  larger than  a t  White 

Sands . 

Tk;e adjusted Wallnp I s l a n d  da t a  there-  

Figure 6: Celes t ia l  coordinates  r e l a t i v e  t o  t h i s  experiment. 

The egg-shaped curve d e l i n e a t e s  t h e  edges of  t h e  f i e l d  

of  view seen by t h e  8001 ge ige r  tube  f o r  t h e  average 

o r i e n t a t i o n  of the  rocke t  ax i s .  The yaw o f  t h e  rocke t  

i nc reases  t h i s  by about f i v e  degrees. Gursky e t  a l .  

(1963) and Friedman (1964) r e p o r t  t h e  g a l a c t i c  c e n t e r ,  

t h e  C r a b ,  and a region near Scorpius t o  be X-ray 

sources.  
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